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vi.The Inactivity of the Soil-Protozoa.

By R. Greig-Smith, D.Sc, Macleay Bacteriologist to the

Society.

In jDapers i., iv., and v. of this series, I have shown that soils

contain bacteriotoxins, and fatty substances collectively named

agrieere. These are affected differently by heat and by the vola-

tile antiseptics. Heat destroys the baeteriotoxins more or less,

theextentof the destruction depending naturallyupon the tempei'a-

ture and the exposure, but there is an interference through the pro-

duction of certain toxins developed in some unknown manner

during the heating. While, therefore, a moderate heat destroys

the natural baeteriotoxins that are in the soil, a higher tempera-

ture, or possibly a longer exposure, produces toxins that were not

originally present. The volatile disinfectants, on the other hand,

have no direct action upon the baeteriotoxins. They act upon the

agrieere, carrying it to the surface, where it is irregularly de-

posited upon the angular fragments of soil. Indirectly, the

nutrients are rendered more accessible to the solvent action of

soil-water, and especially to the attacks of the bacteria, while the

baeteriotoxins are more easily dissolved, and, therefore, more easily

decay.

By their protozoal hypothesis, Russell and others claim that the

soil-bacteria are prevented from multiplying freely by such soil-

protozoa as the ciliates (among which Colpoda cucullus is very

active), and as the soil-amoebas. The action of heat and of the

volatile disinfectants, according to these authors, is chiefly to

destroy the protozoal phagocytes, other agencies having only a

slight effect.

In the present paper, I have endeavoured to test the action of

the soil-phagocytes by adding them purposely to soil, and by using

the extracts of raw soil, as was done by Russell and Hutchinson.
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But I have taken care to use soil that had not been overheated, and

to have controls of un filtered soil-extracts to compare with the fil-

tered, presumably protozoa-free, extracts. Taken as a whole, my
experiments show that Russell's contention cannot be sustained;

the protozoa have little or no action in limiting the number of

soil-bacteria. This is in agreement with Fred,* who, in one experi-

ment upon the nitrification of compost-soil, found a slight gain in

the test which had been treated with ether; he ascribed this to the

stimulating effect of the disinfectant, rather than to the destruc-

tion of phagocytes.

The action of the soil-baeteriotoxins has been little investigated,

althougli their effect has been known for a considerable time. Mar-

tin, for example, found that typhoid bacteria disappeared from

raw soil in two days, but persisted for over a year in sterilised

soil. Althougli ascribed to the competition of other bacteria, there

can be little doul)t that the typhoid bacteria were destroyed by the

bacteriotoxins in the raw soil. When some kinds of actively-grow-

ing bacteria are added to soil, they rapidly increase, and then die

down. For example, Bac. prodigiosus, is at the height of its

growth betwen the second and third day at 28°; after that, the

numbers rapidly fall away. In experiments with soil bacteria, the

height of the rise is generally greatest at a later period, on account

of the smaller number of bacteria at the start, and also on account

of the slower growth of the natural microbes. In plate-cultures,

the toxic influence of bacteria, such as Bact. putidum, is readily

seen, for when many are present upon a plate, few colonies of

other bacteria develop. Thus it comes about that the weaker dilu-

tions show a greater number of bacteria than the stronger, for. in

the presence of relatively fewer colonies of Bact. putidum, the

other bacteria are not inhibited. The actual diminution of bacteria,

by the products of Bac. prodipiosus, was numerically shown in a

previous paper. t

The spore-producing soil-bacteria, such as Bac. rulgatus, Bac.

suhtilis, and Bac. mycoides, which resist the action of the volatile

*r'entrall). f. Bakt., 26 Abt.. xxxi., 23^.

t These I'roceedings, 1911, p.GSG.
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disinfectants, appear to be little influenced by their own bacterio-

toxins, but are affected by the toxins of other bacteria. This indif-

ference was noted by Russell and Hutchinson, and although they

claim that no bacteriotoxins are present in soil, they speak of the

inhibiting action of bacteria added in the course of their experi-

mental work.

These authors had tested the effect of the protozoa indirectly

by comparing the growth of bacteria in raw soils, or in treated

soils to which raw soil had been added, with the growth of bac-

teria contained in suspensions of raw soil freed from protozoa by

filtration through cotton wool. The effect of filtered and unfil-

tered suspensions was not tested, although this appears to be the

more reasonable method of testing the matter. Their experiments

with heated soils are of little value, for two reasons. First, the

temperature and period of exposure were excessive for the object

in view, namely, the destruction of the protozoa; and, secondly,

they ignored the effect of the bacteriotoxins and heat-toxins. As

it appeared that a confirmation of their work was necessary, cer-

tain experiments were begun with this object.

In the first, a good arable soil was treated, for two days, with

2 per cent, of chloroform, and 20 grm. portions were weighed into

small, wide-necked, ounce-bottles. These were divided into two

sets. Each portion of one set received four c.c. of a suspension of

a ciliate, Colpoda cucullus, while the portions of the other set were

treated with the same quantity of the same suspension after it had

been heated at 65° for ten minutes. Thus, one set received a sus-

pension of living, the other of dead protozoa. The ciliates had

been grown in 4 per cent, bean-infusion, and had been derived

from a garden-soil. It was not a pure culture, and had been partly

washed in 0-2 per cent, saline, but as this caused an encysting of

the ciliates, the washing could not be continued until the great bulk

of the bacteria had been eliminated. As it was, each portion re-

ceived 400 motile forms of Colpoda cumllus, besides many bacteria

and encysted ciliates. The bottles were covered with a small bell-

jar, and incubated at 28°. In this, and the succeeding two experi-

ments, the soils, containing at tlie start 20-9 per cent, of moisture.
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slowly dried; the figures obtained after the forty-fourth day are,

therefore, not recorded. In the later experiments, the bottles were

weighed, and the loss of water made up from time to time. In the

last experiments, the loss of moisture was avoided by using corks

fitted with a short piece of glass-tubing, terminated with an open

point of about 1 mm. bore.

Experiment i. —The Addition of Protozoa.

Chloroformed soil.
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Altliuugh living- protozoa were added to the soils of the tirst

set, the bacteria increased enormously in six days. A phagocytic

activity is not apparent. The subsequent decline may, hovi^ever, be

due to the ciliates, but it is more likely caused by the secretion of

toxins by the bacteria. The continued excess of bacteria, in the

test containing the living protozoa, in no way confirms the phago-

cytic hypothesis. Indeed, it is evident that the reason for the rapid

increase of the numbers, in the tirst test, w'as caused by the intro-

duction of a number of rapidly growing, feebly-resistant bac-

teria, which soon succumbed to the effect of their own toxin. The

resistant bacteria, being also more numerous, probably account for

the continuation of the greater number, as time went on. The

nature of the colonies upon the plates was instructive. Those

derived from the "living" soils were chiefly of the translucent-white

or yellowish glistening kind, characteristic of the coli-Jluorescens

group of bacteria, while those from the "dead" soils were mostly

opaque, white and granular, indicative of the subtilis-vulgatus

bacilli. The odour of the plates was also marked. Those of the

"living" set had a disagreeable, putrefactive smell, in sharp con-

trast with the faint odour of the other. By the twenty-seventh

day, the distinctive odours had disappeared, and the colonies were

very much the same in both tests.

The suspensions had been tested for living protozoa by infecting

sterile 4% bean-infusions. The heated suspension contained none,

while the raw suspension gave rise to many. On the fourteenth

day, the soils were tested in a similar manner. Both contained

Colpoda, and the "living" soil contained amceba? in addition. Upon

testing the original chloroformed soil, it was discovered that the

protozoa were still alive; a luxui-iant growth of Colpoda cucullus

being obtained. Thus the treatment Avith 2% chloroform had not

been sufficient to destroy the encysted ciliates.

For destroying protozoa, Russell and Golding used 2%of carbon

bisulphide or toluol, allowing it to act for two days; while, for

field-work, they suggest the emjjloyment of from two or three cwt.

per acre, as a suitable quantity. This is, roughly, the equivalent

of from 0-01 % to 0-02 %. llussell and Hutchinson used 4 % of
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toluene to kill olf all protozoa, but, in the later part of their paper,

the statement occurs that toluene does not kill oft' all the larger

oi'ganisms, one, at least, a small ciliated protozoon being left; and

this is probably concerned with the diminution of the activity of

the treated soil, after a long period, as, for example, in the second

crop. The impression is left, however, that the disinfectant kills

oft' living and encysted forms of Colpuda cucullus, the chief food

of which is said to be bacteria.

In my experiments, I found tiiat Colpoda cucullus was, of all the

soil-protozoa, least affected by disinfectants. It occurred in infu-

sions seeded with soils which had been treated for three days with

20 % of toluene (Kahlbaum), or with 10 % of chloroform

(Schering).

With regard to its food, the partiality for bacteria is open to

question. Fi'om observation, they appear to feed upon organic

debris of any kind, and any bacteria that they consume are drawn

in accidentally. They are specially fond of the slimy matter

exuded by the encysting cell. It should not be forgotten that the

digestion of the organic debris will give rise to waste products con-

taining nutrients available for bacteria, thus augmenting the food

at the disposal of the remaining microbes, winch will respond by

growing more quickly. The bacterial increase should not, for this

reason, be lessened by the presence of Colpoda. It appears that,

if any real phagocytic effect in reducing the bacterial numbers is

to be ascribed to any protozoa, it should be to the amoebae rather

than to the ciliates. The ama?ba) are destroyed by comparatively

small amounts of disinfectants; they were detected in infusions

seeded with soils which had been treated with 1% of chloroform,

but not with 2%.
It is unfortunate that Kussell and Ilutcliinson did not use

enough disinfectant to ensure the comi)lete destruction of all the

protozoa in their experimental work, as tliere is the doul)t raised

that, so far as the protozoa are concerned, their disinfection had

been abortive. And yet the point claimed by these authors is, that

tlie protozoa, and especially Colpoda, had been destroyed, and, in

consequence, the bacteria had increased. Miglit not the proportion
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ul protozoa that bad been destroyed, bave been proportional to

tbe bacteria that were killed
;

and tliat, so far as numbers are con-

cerned, the status quo remained after the treatment with disin-

fectants ?

From the appearance of the protoplasm and the absence of food-

granules, Goodey* concludes that tbe Colpoda first to appear in

soil-cultures, have emerged from tbe encysted condition, and that

they, therefore, do not functionate as a factor in limiting the bac-

terial activity in soils.

As tbe ciliates, such as Culpuda ciicullus, cannot be credited with

the limitation of the soil-bacteria, we must examine the claims of

the amoebae; and be it remembered, that we are not so much con-

cerned with phagocytosis as witii the limitation of tbe bacteria.

Even if the amoebae do actively ingest bacteria, in the soil, there

is no evidence that the net result may not be an increase of the

residual microbes from the stimulating intiuence of the excreted

products of the digested bacillary protoplasm.! On the other

band, it is possible that substances of tlie nature of immune bodies

may be secreted or excreted by the amoebae. The matter clearly

cannot be decided ex cathedra, and, accordingly, an experiment

was begun, in which a number of amoebae were added to a soil that

had been freed from protozoa by heating at 65° and treatment

with chloroform. Subsecjuent tests showed that the soil was free

from protozoa. A susjiension of amoebae. Amoeba Umax, from a

* Proc. Roy. Soc. B.84, 18/8/11, p. 179.

t The amcebas undoubtedly are phagocytes, but they certainly do not

englobe every microbe they chance to meet, for I have watched soil-amcebae

moving in plant-infusions, and in no case have I seen the undonbteil in-

gesting of a bacterium. I iiave seen the protruding pseudopodia push
aside the living bacteria, and pass over the dead microbes [a trace of

methylene blue added to the drop under examination colours the dead

cells but not the living] which can be traced under the amtuba as it glides

along, and which are left upon the spots thej' originally occupied. A
motile bacterium may touch the protozoon, and dart off again, or it may
be caught, presumably by the flagelia, and after wriggling about for some

seconds, swim awa}-. Again, a protruding pseudopodium may touch a

bacterium and immediately retract, or a distinct angular bay may be

formed as the pseudopodium meets and passes the microbe. Rotating
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garden soil, liad been seeded into a bean-infusion, and, after a

time, a rich growth of ama'bsc was found. The suspension was

centrifugalised, and the sediment rapidly washed with 0-2% saline.

The amcebic were suspended in saline, a part of which was heated

for 10 minutes at 62° to 64°. To each 20 grm. portion of soil,

4 c.e. of suspension were added. This contained, in the case of the

unheated suspension, (5,089 living motile amoob^e, no motile ciliates,

many cysts, presumably of the lattei", and many bacteria.

Experiment ii. —The Addition of Amceb.*;.

Heated soil.
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bacterial flora, but with no other protozoa. Half of the suspen-

sion was heated at 65° ior 30 minutes. The soil had been ti'eated

with 10% of chloroform to destroy any native amoebae.

i3^^ig Jl^iLT&ac

J? Lad jlrnjGbac

5" 7 ^5 36 doyz).

Experiment iia. —The Addition of Amceb^e.
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The bacteria in the soils, seeded with living amoebae and bacteria,

multiplied very rapidly during the first day. This was due to the

quickly growing nature of the added microbes, which, from the

examination of the colonies upon the jjlates, were seen to be of the

coli-fluorescens type, and, among them. Bad. putidum was promi-

nent. The decline iu the numbers may have been caused by the

l^liagocytic projjensities of the amoebae, but it was moie probably

tiie result of the action of the bacteriotoxins secreted by the bac-

teria themselves. In this, as in the first experiment, there is no

evidence of any rapid increase in the ama^ba-free soil.

A general observation of the behaviour of the bacteria in soils,

leads one to believe that tlie kinds resistant to heat and disinfect-

ants, are little influenced either by their own toxins or by those of

other groujjs. Such, however, does not appear to strictly hold, for

their growth is certainly restricted by the presence of toxins of

other groups, as the following approximate count of the rough,

opaque colonies upon the plates, shows.

Experiment ii. —Bacteria of the Subtilis-vulgalus type.
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trol, a second series received water. The soil had been treated with

toluene, and had been heated to 65°.

Experiment iii. —The Addition ok Bad. vutiduin.

Heated and
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multiplication of bacteria occurs in the presence, as in the absence

of amoebae.

In the apparent absence of iDrotozoal activity in these experi-

ments, it seemed necessary to confirm some of Russell and Hutchin-

son's results. The most telling of their experiments was one in

which, as the result of adding a filtered suspension to a toluened

soil, the bacteria rose from 66 millions on the 20th, to 166 millions

on the sixtieth day. No test was, however, made with the unfil-

tered as against the filtered suspension. The experiment was not

confirmed, and, as it is possible that the results might have been

abnormal, a repetition of a certain portion of it was decided upon.

An alluvial soil was air-dried, and treated for two days with 5%
chloroform. After the evaporation of the solvent, a number of

20 grm. portions were weighed out into small bottles, and mois-

tened with 4 c.c. of water or extract, a proportional quantity of

water being added to the tests which received the gram of air-dried,

untreated soil. The amount of water lost bj' evaporation was cal-

culated weekly or biweekly from the loss of weight of eight bottles,

two from each set, and the loss was made good. The moisture in

the soils varied up and down from 19 "6 to 15*4. The extract was

made by shaking 100 grm. of soil with 500 c.c. of water for 20

miiuites, and filtering half of it through five inches of tightly

packed, cotton wool. This removed the larger protozoa, such as

C'olpoda cucullus, but the cysts of smaller ciliates wei'e not retained,

as was shown by their growth in bean-infusion. The expei'iraent

was made in duplicate, one set being incubated at 28°, the other at

1.5*.

ExPEKiMKNT iv.,a
—The Addition of Soil and its Extracts.

Gliloroformed soil
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Experiment iv., 6—The Addition of Soil and its Extracts.

Chloroformed soil
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6 9 13 35" 4^i 5T 69 .
S3 doyo

These soils liad not been heated, and do not show the rapid rise

that occurred in tlie earlier experiments. The curves of iv. a, for

the most part, rise fairly steadily, and there is little difference be-

tween them. We see no indication of any influence having been

exerted by phagocytic protozoa derived either from the unflltered

extract or from the untreated soil. Beyond the fact that Nos. 2, 3,

and 4 received originally more bacteria than the control, and conse-

quently obtained a lead, these tests practically give the same result.

The protozoa cannot be said to have any action upon the soil-bac-

teria at 28°, at which temperature they are very active.*

The curves of the tests at 15° differ from those at 28°. Those

which received the extracts, gave a more rapid bacterial growth

within the first ten days, but, as at the higher temperature, there is

no jironounced evidence of protozoal activity.

One of tlie points brought out, is the influence of temperature

upon bacterial growth. At 15° the numbers never rose above 15

millions, and remained constant between 10 and 15 millions per

•The period of multiplication for Atmrha Umax was found to be ]f

hours at .37°, 8 hours at 28°, aii.l 28 hours at 15°.
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grm. At 28°, the rise was steady, and by the eightieth day, the

numbers lay between 25 and 30 milUons.

A variation of the preceding experiment was made by using a

poor sandy soil, and incubating the tests at 22°. The soil, which

contained Amteba Umax, was treated with 4% of chloroform for

two days, and the moisture was brought up to 17%. As, however, a

strong growth of moulds developed upon the surfaces of the soils

in the tests, the moisture was, by the thirty-seventh day, allowed to

fall to 13%, at which it was maintained.

Experiment v.—The Addition of Soil and its Extracts.

Chloroformed soil
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The experiment generally confirms the previous ones, and shows

that the removal of some of the protozoa, by filtering the soil-

extract through cotton wool, lias little influence upon the multiplica-

tion of the bacteria in the soil, beyond what is to be expected from

the behaviour of tlie microbes in the extracts.

The curves of the last two experiments do not show the sharp
I'ise noted in the experiments with protozoa, etc., in the earlier part

of this paper. There is little doubt that the rapid rise was occa-

sioned by the destruction of the soil-toxins by heat, and, in a con-

firmatory experiment, the soil was heated to show that such was

actually the case. The same alluvial soil was used as in experiment

iv. a, and the incubation temperature was the same, viz. 28". It

was lieated at 60" to 70" for lialf-an-hour, but otherwise the con-

ditions were the same. A fiftli test was included to show the effect

of chloi'oform.

Experiment vi. —The Use of Heated Soil.
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at the same temperature. I believe the moisture and temperature

are of more importance in modifying the bacterial content of soils

than one would imagine, and experiments concerning these influ-

ences are in progress. In heated soils, the bacteria grow very

rapidly at first, then, as the toxin accumulates, the numbers fall

almost as sharply, after which they slowly rise. With chloroform

alone, the numbers increase slowly and steadily, as if nutrients

were being slowly utilised.

00—

'i I- 4^ 53 p cicdj^

The extracts with which the soils had been treated, in these ex-

periments, contained not only protozoa and bacteria, but also

nutrients and toxins, as I have already shown in the first paper of

this series. As it is just possible that these two latter substances

might have a certain, though small, influence in increasing or

63
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decreasing the numbers of bacteria, an experiment was made to test

the matter. The same alluvial soil, after chloroforming, received

four e.c. of water, and of porcelain-filtered extracts of the strength

used, viz., 100 grm. to 500 c.c. After filtering, a portion was boiled

for an hour under an aerial condenser, and cooled. The moisture-

content of the tests was 19'1%.

Experiment vii.— The Effect of Porcelain-filtered Extracts.

Alluvial soil


